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ABSTRACT 
The wastes generated from steel industries are known to be as sludge and 
slag. The problem with some of these by-products is they contain large amount of 
heavy metals that can be leached out to the environment and cause pollution. Several 
studies have been conducted on steel slag as a replacement for cement in concrete 
but it is still not sufficient and well established. However, there is no significant 
research carried out using steel sludge in concrete. This study represents the results 
of electric arc furnace steel slag and steel sludge for replacing cement materials. 
Both materials were investigated for their pozzolanic properties, strength, and 
durability. Initially, the steel slag and steel sludge were screened for pozzolanic 
properties using pozzolanic activity test based on ASTM C618 and thermogravity 
method. Then they were incorporated in concrete mixes by replacing cement from 
5% to 20%. The specimens were tested at its fresh and hardened state. The fresh 
concrete was also tested for slump and concrete grade 25 for its strength and 
durability at 7, 28 and 90 days. For durability performance, the specimens were 
tested for their initial surface absorption, water absorption and leaching test. The 
morphology testing of the concrete was also carried out. It was found that steel slag 
and steel sludge showed positive pozzolanic activity based on pozzolanic activity 
test. In addition, it was found that the compressive strength for concrete containing 
steel slag and steel sludge increased up to 10% replacement and started to decrease 
in strength beyond the replacement level. It clearly shows that 10% replacement of 
steel slag and steel sludge is the optimal percentage that is required for the 
replacement. In case of durability, both replacement of cement by steel slag and steel 
sludge can be categorised as low permeability. Denser structure, less pores and 
rougher surface were seen in the morphology of 10% steel slag. The heavy metals 
are found to be effectively solidified and stabilized in the cement-based matrix. In 
conclusion, steel slag and steel sludge showed good potential to be used in the 
replacement of cement materials. Moreover, the use of steel slag and steel sludge in 
concrete can certainly help in preserving the environment. 
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ABSTRAK 
Sisa yang biasa dihasilkan daripada industri keluli ialah sisa enapcemar dan 
sanga. Masalahnya ialah sesetengah hasil sampingan ini mungkin mengandungi 
kuantiti logam berat yang boleh terlarut lesap ke alam sekitar dan mengakibatkan 
pencemaran. Beberapa kajian terhadap sanga keluli sebagai bahan gantian simen di 
dalam konkrit telah dijalankan sebelum ini, tetapi ianya masih tidak mencukupi dan 
mantap. Walau bagaimanapun, tidak ada kajian telah dilakukan dengan 
menggunakan enapcemar keluli dalam konkrit. Kajian ini membentangkan 
keputusan sanga relau arka elektrik keluli dan enapcemar keluli sebagai bahan 
gantian simen. Kedua-dua bahan ini disiasat potensi sifat- sifat pozzolanik, kekuatan 
mekanikal dan ketahananlasakan. Pada mulanya sanga keluli dan enapcemar keluli 
telah diuji sifat pozzolanik melalui ujian aktiviti pozzolanik, ujian spesifikasi 
pozzolan berdasarkan ASTM C618 dan ujian ‘Thermogravity’. Sanga keluli dan 
keluli enapcemar digabungkan dalam campuran konkrit dengan menggantikan simen 
dari 0% sehingga 20 %. Spesimen-spesimen konkrit diuji pada keadaan segar (baru) 
dan keras. Kebolehkerjaan konkrit diuji pada konkrit segar manakala ujian kekuatan 
dan ketahanan ujian pada konkrit gred 25 pada 7, 28 dan 90 hari. Bagi prestasi 
ketahananlasakan konkrit, spesimen diuji melalui ujian penyerapan awal permukaan 
(ISAT), ujian penyerapan air dan ujian larut lesap. Ujian morfologi juga dijalankan 
ke atas konkrit. Sanga keluli dan enapcemar keluli menunjukkan sifat pozzolanik 
positif daripada ujian aktiviti pozzolanik. Di samping itu, didapati bahawa kekuatan 
mampatan bagi konkrit yang mengandungi sanga keluli dan enapcemar keluli 
meningkat pada penggantian 10% dan kekuatan mula berkurangan apabila lebih dari 
tahap penggantian itu. Ia menunjukkan bahawa penggantian 10% daripada sanga 
keluli dan keluli enapcemar adalah peratusan gentian yang optimum. Bagi kes 
ketahananlasakan pula, kedua-dua konkrit penggantian oleh sanga keluli dan 
enapcemar keluli boleh dikategorikan sebagai ketelapan rendah. Struktur padat, 
kurang liang dan permukaan kasar dapat dilihat dalam morfologi 10% keluli sanga. 
Logam berat telah berkesan dikukuh dan distabilkan dalam matriks simen. 
Kesimpulannya, sanga keluli dan keluli enapcemar menunjukkan potensi yang baik 
untuk digunakan sebagai bahan pengganti simen. Di samping itu, penggunaan sanga 
keluli dan enapcemar keluli dalam konkrit boleh membantu dalam memelihara alam 
sekitar. 
